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 ABSTRACT 
 
Background: Gambling disorder is a relatively common psychiatric disorder recently re-
classified within the DSM-5 under the category of “Substance-Related and Addictive Disorders”.  
 
Aims: To compare white matter integrity in patients with gambling disorder to healthy controls; 
to explore relationships between white matter integrity and disease severity in gambling disorder. 
 
Method: 16 subjects with treatment-resistant gambling disorder and 15 healthy controls 
underwent Magnetic Resonance Imaging. White matter integrity was analyzed using tract based 
spatial statistics (TBSS).  
 
Results: Gambling disorder was associated with reduced fractional anisotropy in the corpus 
callosum and superior longitudinal fasciculus. Fractional anisotropy in distributed white matter 
tracts elsewhere correlated positively with disease severity.  
  
Conclusions: Reduced  corpus callosum fractional anisotropy is suggestive of 
disorganized/damaged tracts in patients with gambling disorder, and this may represent a 
trait/vulnerability marker for the disorder. Future research should explore these measures in a 
larger sample, ideally incorporating a range of imaging markers (e.g. functional MRI), and 
enrolling unaffected first-degree relatives of patients.  
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 INTRODUCTION 
Gambling is a commonplace recreational activity dating back thousands of years, yet for 
between 1-3% of the population, it develops into a dysfunctional pattern of behavior (1). In those 
who develop gambling disorder, the behavior is associated with significant personal, financial, 
and relationship difficulties (2, 3) as well as elevated rates of suicide (4). Despite the morbidity 
and mortality associated with gambling disorder, brain architecture in gambling disorder has 
received limited research attention. 
To the knowledge of the authors, only two studies to date have explored white matter 
tract integrity in gambling disorder. Joutsa and colleagues found reduced white matter integrity 
(reduced fractional anisotropy) in multiple regions, using tract based spatial statistics (TBSS), in 
12 patients with gambling disorder compared to 12 controls (5). Regions of abnormality included 
the corpus callosum, cingulum, superior longitudinal fascicle, inferior fronto-occipital fascicle, 
anterior limb of internal capsule, anterior thalamic radiation, inferior longitudinal fascicle and the 
uncinate/inferior fronto-occipital fascicle. The authors found no significant grey matter volume 
abnormalities in the patients. A separate study focusing on the corpus callosum (region of 
interest rather than whole-brain approach) found reductions of white matter integrity (reduced 
fractional anisotropy) in sectors of the corpus callosum in 19 subjects with gambling disorder 
versus 19 controls (6).  
Thus, tentative evidence for white matter abnormalities in gambling disorder has been 
reported in two previous studies. Neither study, however, explored possible relationships 
between white matter abnormalities and disease severity, or used a treatment-resistant sample. 
While little is known about the clinical differences between patients with non-treatment-resistant 
and treatment-resistant gambling disorder, research into other psychiatric disorders such as 
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 depression indicate that treatment-resistant patients are more severe and place a larger burden on 
the health care system than non-treatment-resistant patients with depression (7). We therefore 
explored white matter in treatment-resistant gambling disorder versus healthy controls, and 
relationships between white matter parameters and disease severity in gambling disorder. Based 
on the previous literature, we hypothesized that those with gambling disorder would show 
reduced white matter integrity in the corpus callosum.  
 
METHOD 
Subjects 
Subjects with gambling disorder were recruited from an outpatient psychiatry clinic and 
from media advertisements on the basis of meeting DSM-5 criteria (i.e., minimum of 4 of 9 
DSM-5 criteria) (8). Inclusion criteria across all subjects were: 18-65 years old, right-handedness, 
no current or past month use of psychotropic medications, not pregnant or breast-feeding, a 
negative urine drug screen, and no contraindication to MRI. Subjects with gambling disorder 
were required to be treatment-resistant, which we defined as having completed at least 6 sessions 
of cognitive behavioral therapy and a trial of naltrexone for their gambling disorder with limited 
or no success.  Cognitive behavioral therapy was delivered by trained psychologists using a 
manualized treatment. Treatment consisted of 6 sessions (psychoeducation, motivational 
enhancement, functional analysis and behavioural strategies, coping with gambling urges and 
changing irrational thinking, imaginal desensitization, and relapse prevention) (9)Naltrexone 
treatment comprised at least 12 weeks  at an adequate treatment dose (defined as 50mg/day or 
higher) (10). Limited or no success was operationalized as a less than 35% reduction from 
baseline in total disease severity scores, measured using the Yale Brown Obsessive Compulsive 
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 Scale modified for Pathological Gambling (PG-YBOCS) (11). Previous literature indicates that 
naltrexone treatment is unsuccessful in approximately 25% of cases (12), and that CBT is 
ineffective in approximately 7-32% of cases (13).  
Exclusion criteria for patients included any current psychotic, bipolar or substance use 
disorder, or any lifetime substance use disorder.  
Healthy controls were recruited via word of mouth or media advertisements. They were 
required to have no current or lifetime psychiatric disorders and no family history of either 
substance or behavioral addiction. Family members were not interviewed directly and report of 
family history was based on self-report by the control subjects.   
 
Procedures 
All subjects underwent a semi-structured psychiatric evaluation by a board certified 
psychiatrist. Gambling symptomatology was assessed using the Structured Clinical Interview for 
Pathological Gambling (SCI-PG) (11) which was adapted for DSM-5 (8), the Yale Brown 
Obsessive Compulsive Scale modified for Pathological Gambling (PG-YBOCS) (clinician-
administered scale of gambling severity for the past week with two subscales gambling behavior 
and gambling urges) (14), and the Gambling Symptom Assessment Scale (G-SAS) (self-report 
scale of gambling severity for the past week) (15).  Psychiatric comorbidity was assessed using 
the Mini International Neuropsychiatric Inventory (MINI) (16). Other assessments included the 
Hamilton Depression Scale (17), the Sheehan Disability Scale (18), and the Quality of Life 
Inventory (QoLI) (19). 
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 All subjects underwent a comprehensive safety assessment for magnetic resonance 
imaging (MRI). Upon completion of these assessments, structural imaging was conducted on the 
same day using a 3-Tesla (3T) Siemen’s system.  
All study procedures were conducted in accordance with the ethical standards established 
by the latest version of the Declaration of Helsinki. A full Institutional Review Board approved 
the study and all consent procedures. After complete description of the study to the subjects, 
participants provided written informed consent. No secondary consent (i.e., parent or guardian) 
was allowed for this study.  
 
Data Analysis 
Demographic characteristics 
Between-group differences in salient demographic characteristics were explored using 
independent sample t-tests, with statistical significance defined as p<0.05 uncorrected.  
 
Diffusion MRI scans and preprocessing 
Imaging data were acquired using a 3-T system. Diffusion-weighted imaging data were 
obtained (25 directions) with slice thickness of 4 mm, temporal resolution of 12 s, echo time of 
93 ms, matrix size of 128 × 128, field of view of 30 × 24 cm2, and B-value of 1000 s/mm2. One 
volume without diffusion weighting (b=0) was also acquired. To provide a reference, axial three-
dimensional T1-weighted images were obtained using a spoiled-gradient recall sequence with 
slice thickness of 2 mm, temporal resolution of 33 ms, echo time of 3 ms, field of view of 24 cm, 
flip angle of 40°, and matrix size of 256 × 256. 
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 Individuals raw diffusion and b = 0 volumes were concatenated into a single 4D file prior 
to being corrected for geometric and eddy current distortions, and subject motion (20,21). 
Following this, affine transformations were used to warp each diffusion volume within each 
subjects timeseries to the b = 0 reference image. Subject specific brain masks were created to 
demarcate voxels to be modeled with the diffusion tensor. Tensors were fit to each voxel within 
each subject’s brain mask using a least squares weighted approach. From this, whole brain maps 
of Fractional Anisotropy (FA), Mean Diffusivity (MD), and EigenValue1, 2 and 3 were 
generated. FA is a measure of directionality of water diffusion, while MD is the mean of the 
three eigenvalues and provides a measure of average water mobility.  
 
Tract Based Spatial Statistics (TBSS) 
Analyses were conducted using previously validated procedures as implemented in TBSS 
software (20,21). Voxel outliers from the 4D files were removed and each subject’s FA images 
were then aligned to each other subjects FA image. This process selected the most representative 
target image of the group which was then affine aligned into MNI space. Subsequently, all of the 
other images were registered into MNI space based on the nonlinear transformations that were 
carried out on the representative image. From this a mean FA image was created and thinned to 
form a white matter skeleton that represents the centers of all tracts common to the group. 
 
Group Level and correlational analyses 
Voxelwise statistics were used to test for group differences in measures of diffusivity 
using a significance threshold of p < 0.05). Each subject's aligned FA data were projected onto this skeleton and the resulting data were fed into voxel-wise cross-subject statistics. 
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 Group differences in each measure of diffusion were tested for using a permutation-based 
analysis with 10,000 permutations. The resulting statistical maps were corrected for using 
Threshold-Free Cluster Enhancement (TFCE) and Family Wise Error (FWE – p < 0.05). Unless 
stated, age was mean centered and was included as a covariate of no interest. This process was 
repeated within the Gambling patient group to investigate whether  gambling measures 
correlated with voxel-wise measurement of diffusion. Variables were mean-centered and each 
analysis included age as a covariate of no interest. For visualization, voxels showing significant 
differences were filled. All maps were rendered using the lowest probability values possible. 
. 
 
RESULTS 
Demographic and clinical characteristics of the sample are shown in Table 1. A total of 
16 patients with DSM-5 gambling disorder (mean age 47.0±13.9 years) and 15 healthy controls 
(mean age 32.9±14.7 years) were enrolled and underwent brain imaging. The gambling disorder 
subjects were significantly older than the controls (p=0.007). There were no other significant 
demographic differences between groups. The gambling disorder sample had a mean PG-
YBOCS score of 24.2±4.7 and a mean G-SAS score of 33.8±7.1 both of which corresponded to a 
severe gambling disorder. Gambling disorder subjects had a low quality of life (mean total score 
of 29.8±12.6) according to the QoLI but relatively low depression scores on the HAM-D (mean 
total score 8.3±4.5).     
 
Between Group differences in measures of diffusion 
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 TBSS analysis demonstrated significantly reduced fractional anisotropy (FA) in gambling 
disorder subjects versus controls (Figure 1, shown in red).  This cluster of reduced FA in the 
gambling subjects is interpreted as corpus callosal fibres including the middle and middle 
posterior body of the corpus callosum, which either extend from the corpus callosal proper or is 
also present in an independent aspect of the superior longitudinal fasciculus / cortico spinal tract. 
When age was not included as a covariate in the analysis, this difference in these regions 
remained significant, but also extended across a broader range of areas (Figure 1, shown in blue). 
No significant group differences were observed based on Mean Diffusivity (MD). 
 
* FIGURE 1 AROUND HERE PLEASE * 
 
Relationships with gambling measures in gambling disordered subjects 
In subjects with treatment-resistant gambling disorder, there was a significant positive 
correlation (p=0.03) between  theurge subscale of the PG-YBOCS and FA in distributed white 
matter tracts (Figure 2); and a significant positive correlation (p=0.01) between G-SAS and FA 
within large right hemisphere white matter tracts (Figure 3). Representative scatter plots are 
provided in Supplementary Online Figures 1 and 2 respectively. No significant correlations were 
found between FA and the gambling behavior subscale of the PG-YBOCS nor were significant 
correlations found between Mean Diffusivity and any of these clinical measures.  
 
* FIGURES 2 & 3 AROUND HERE PLEASE * 
 
DISCUSSION 
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 To our knowledge, this is the first study to examine white matter tract integrity in 
treatment-resistant gambling disorder subjects versus controls. Gambling disorder was associated 
with significant reductions of fractional anisotropy in the corpus callosum, suggestive of 
damaged and/or disorganized white matter. Additionally, fractional anisotropy was positively 
correlated with symptom severity in other white matter regions in the gambling disordered 
participants. No group differences were identified with respect to mean diffusivity, suggesting 
that the white matter abnormalities were more related to microarchitecture of tracts (i.e. tract 
integrity) than local lesions.  
Our finding of reduced fractional anisotropy in the corpus callosum (Figure 1) is in broad 
agreement with reductions in fractional anisotropy seen in this region in two previous gambling 
disorder studies. Yip and colleagues used a region-of-interest approach, exploring white matter 
in distinct sectors of the corpus callosum. They found reduced fractional anisotropy values in the 
left body and left and right genu in particular, versus controls (6). By contrast, Joutsa et al. used a 
whole brain approach (TBSS) as we did here; the authors reported reduced fractional anisotropy 
not just in the corpus callosum but also elsewhere, in patients with gambling disorder compared 
to controls (5). It is unclear why our group-level differences are more restricted in anatomical 
scope as compared to this second study. There were several differences between the current 
study and (5): we included men and women while the other study was male only, our study had a 
larger sample size; finally, age differed between groups in our study but not in the other study.  
Our data add to a growing body of evidence implicating aberrant white matter tracts of 
the corpus callosum across impulsive and compulsive disorders. Similar abnormalities of 
fractional anisotropy in this region have been found in obsessive compulsive disorder (22), 
kleptomania (23), trichotillomania (24), and in various substance use disorders (25). The white 
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 matter of the corpus callosum enables communication and integration of information across 
distributed grey matter nodes, and is heavily implicated in cognitive functioning, including in 
top-down inhibitory control (26). Thus it is conceivable, but has yet to be demonstrated, that 
diminished integrity of the corpus callosum in gambling disorder may underpin some of the 
cognitive deficits observed in gambling disorder across studies (27).  
While reduced fractional anisotropy was found in the corpus callosum, fractional 
anisotropy was positively (rather than negatively) associated with worse symptom severity in the 
gambling disordered participants, across a broad swathe of other white matter regions (Figures 2 
& 3). One interpretation of these findings is disorganized white matter tracts in the corpus 
callosum may represent a vulnerability marker (or trait marker) in gambling disorder, which does 
not relate directly to symptom severity, while more organized white matter tracts elsewhere are 
associated with worse symptom severity and so correspond to the state nature of the illness. 
Given that the positive correlation between symptom severity and FA was contrary to our 
expectations, replication will be important in future work to confirm or refute this relationship. It  
is not possible, on the basis of the current study, to establish whether this positive relationship 
between symptom severity and higher FA in certain regions is intrinsic to the illness, or rather 
represents some form of adaptive brain changes / compensatory mechanisms. These issues  
should be further addressed in larger studies, ideally incorporating not just DTI but also 
functional neuroimaging, including analysis of functional connectivity across salient neural 
nodes. Future work could include unaffected first-degree relatives of patients to confirm or refute 
the trait-like nature of the corpus callosum abnormalities.  
There are several limitations that should be considered. First, the overall sample size was 
small and primarily Caucasian in ethnic origin. Larger sample sizes with greater diversity would 
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 be ideal for future studies in order to provide a more population-representative overview of 
gambling disorder. Second, gambling disorder patients were significantly older than the healthy 
control population. Age is known to be an important factor when considering measurements of 
diffusivity in the brain (e.g. 28). Fractional anisotropy has been found to vary in normal ageing, 
with the direction of effect and magnitude of such changes varying considerably depending on 
the region considered (29). For example, age has been reported to be negatively correlated with 
fractional anisotropy in the corpus callosum genu, but not significantly correlated (in either 
direction) with fractional anisotropy in the corpus callosum body (29).  Despite the significant 
age differences, however, the between-group differences in FA in the corpus callosum were 
evident whether or not age was included as a covariate in the analysis, suggesting that the result 
was not driven by this potential confound.  Future studies, however, should aim to provide a 
sample of age- and gender-matched controls in order to more robustly address the questions at 
hand. Another caveat of the current study, relevant to all DTI studies, is that fractional anisotropy 
can be influenced by a variety of factors apart from myelination, such as crossing fiber tracts 
(30). While we refer to the reduced FA in gambling disorder as being consistent with reduced 
structural integrity of white matter tracts, this does necessarily imply an underlying specific 
structural pathology, such as that seen with advancing age, or in the case of demyelinating 
neurological disorders; put differently, the underlying causes of reduced FA seen here cannot be 
addressed using the current neuroimaging techniques.   
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 Table 1. Demographic and Clinical Characteristics of Gamblers versus Controls  
  Gambling Disorder  
(n=16)  
Healthy 
Controls 
(n=15) 
Statistic p-value 
Age, years  47.4 (13.7) 32.5 (14.9) 2.889t 0.007 
Sex, female, n (%) 10 (62.5) 12 (80) 1.151c 0.283 
Ethnicity, Caucasian, n (%) 13 (81.5) 14 (93.3) 1.006c 0.316 
Education, ≥College, n (%)  8 (50) 11 (73.3) 1.777c 1.823 
HAM-D 8.3 (4.5)    
PG-YBOCS, urges 12.2 (2.8)    
PG-YBOCS, behaviors 12 (3.6)    
PG-YBOCS, total score 24.2 (4.7)    
G-SAS 33.8 (7.1)    
Sheehan Disability Scale 17.8 (8.2)    
Quality of Life Score 29.8 (12.6)    
Data refer to mean (standard deviation) unless otherwise specified.  
t=independent sample t-test; c=chi-square 
PG-YBOCS: Yale-Brown Obsessive Compulsive Scale for Pathological Gambling; HAM-D: Hamilton 
Depression Rating Scale; G-SAS: Gambling Symptom Assessment Scale 
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Figure 1. Results of permutation cluster analysis of fractal anisotropy (FA). In red (top and bottom 
figure), regions of significantly reduced FA in gambling disorder versus controls, after controlling for 
age.  In blue (top figure), regions of significantly reduced FA in gambling disorder versus controls, 
without including age as a covariate.   
 
 
Figure 2. Results of permutation analysis for clinical measures in the gamblers. In red, regions in 
which fractal anisotropy (FA) correlated positively against the urge subscale of the PG-YBOCS 
(p<0.03).  
 
 
Figure 3. Results of permutation analysis for clinical measures in the gamblers. In red, regions in 
which fractal anisotropy (FA) correlated positively against the G-SAS (p<0.01).  
 
